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(54) Video signal processing apparatus for flicker reduction 



(57) An automatic gain controlling circuit controls a 
gain of a video signal "from an imager having an elec- 
tronic shutter function according to a gain control signal. 
An average detecting circuit detects an average level of 
a luminance signal of the video signal. An automatic 
exposure controlling circuit generates the gain control 
signal according to the luminance average level In 
response to a mode signal indicative of the cycla of the 
ac line and generates a timing signal corresponding to 
the ac line and a shutter speed control signal together 
with electronic shutter control signal generation circuit 



at a unit of the voltage variation cycle of the ac line 
according to the luminance average lavel such that a 
shutter interval of the imager is changed stepwise and 
each of the shutter intervals is an integer times the volt- 
age variation cycle of ihe ac line. The automatic expo- 
sure controlling range is expanded by changing the 
shutter speed stepwise from 1/100 sec, 2/1 00 sec 3/1 00 
sec at 50-Hz^ac area, for example, to provide coarse 
exposure controlling and fine automatic gain controlling 
is provided every shutter interval to suppress flicker. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] This Invention relates to a video signal 
processing apparatus, More specifically, this invention 
relates 1c a video signal processing apparatus for 
processing a video signal to reduce 1 1 joker. 

2. Description of the Prior Art 

[0002] A video signal processing apparatus for 
processing a video signal in which "flicker due to illumi- 
nation is suppressed with an automatic gain controlling 
circuit is known. 

[0003] When image is taken by a video camera 
under Illumination by fluorescent lamps, there is a prob- 
lem of flicker. Luminance level of the fluorescent lamp 
periodically changes with a voltage of the ac line. Figs. 
3A and 3B are illustrations of prior art showing voltage 
change and luminance changes of fluorescent lamps. If 
the cycle erf the voltage of ac line is 50 Hz as shown in 
Fig. 3A, the luminance of a fluorescent lamp changes at 
1 00 Hz as shown In Fig. 3B. If the cycle of the voltage of 
an ac line is 60 Hz, the luminance of the fluorescent 
lamp changes at 120 Hz as well known. 
[0004] Figs. 3C and 3D are illustrations shewing 
operation of a prior art video camera. If a viceo camera 
or an electronic camera employing a MOS type of 
Imager Is ueed under Illumination by fluorescent lamps 
at a shutter speed of 1/30 see, charge storing timings 
and the luminance level of the video signal are shown in 
Figs. 3C and 3D, 

[0005] The MOS type of Imager outputs a first line 
from timing A1 to B1 and a second line from timings A2 
to B2 which timings A2 and B2 are slightly shifted in 
time base from the timings A1 and B1. The last line 
(525th line) ie detected at timings A525 and 5525 within 
the one frame (1/30 sec). As 6hown in Fig. 33, the lumi- 
nance level changes, so that a luminance level of the 
image changes at a cycle of 1/100 sec, which is sensed 
by a watcher as flicker. Particularly, in the case of the 
MOS type of imager, the reproduced image shows 
stripes over the to-be-reproduced Image because the 
image storing timings are different every line, In the 
case of the CCD type of imager, because image storing 
timings are the same over all lines in the frame, flicker 
does not occur within the frame. However, the lumi- 
nance signal level changes every frames in the CCD 
type of imager, 

[0006] Fig. 4 is a block diagram of a prior art video 
signal processing apparatus which can suppress flicker. 
An output signal of an imager 1 1 is supplied to an auto- 
matic gain control circuit 12 which control? its gain in 
accordance with a gain control signal so as to keep the 
average level constant. An output signal of the auto- 



matic gain control circuit 12 Is convened Into a digital 
signal by an eJd converter 13. The digital signal from the 
a/d convener 1 3 is supplied to an average detecting cir- 
cuit 14 which detects an average level of the digital sig- 
5 nal, The average value Is supplied to a gain controlling 
signal generation circuit 15 which generates the gain 
control signal such that the gain is controlled to keep the 
average level constant. 

[0007] On the ether hand, an electronic shutter Big- 

10 nal generation circuit 16 generates an electronic shutter 
signal of which shutter speed Is fixed to 1/100 sec at the 
50-Hz-ac area and fixed to 1/30 sec or 1/60 sec at the 
60-Hz-ac area. Pigs. 5A to 5D show prior art video sig- 
nal processing operation at the 50-Hz-ac area. The 

15 frame interval is 1/30 sec. On the other hand, the shut- 
ter spaed is fixed to 1/100 sec at that area so that the 
exposure interval (1/100 sec) agrees with the luminance 
variation period of fluorescent lamps. Accordingly, as 
show in Fig. 5B. the luminance level of the video signal 

so from the MOS type of imager is constant, wherein flicker 
is suppressed. In this prior art video signal processing 
circuit, the gain controlling is provided by only the auto- 
matic gain control circuit 12, so that the automatic expo- 
sure controlling is limried by the dynamic range of the 

25 automatic gain controlling circuit 12. 

SUMMARY OF THE INVENTION 

[0008] The aim of the present invention is to provide 

30 a superior video signal processing apparatus. 

[0009] According to the present invention there is 
provided a video signal processing apparatus Including: 
an automatic gain controlling circuit far controlling a 
gain of a vidso signal from an imager having an eleo- 

35 tronic shutter function in accordance with a gain control 
signal; an average detecting circuit for detecting an 
average luminance level of the video signal; a gain con- 
trol signal generation circuit for generating the gain con- 
trol signal in accordance with tha average luminance 

40 level; and a ehutier sp&ad control signal generation cir- 
cuit responsive to a mode signal indicative of a cycle of 
an ac line for generating a shutter speed control signal 
at a unit of tha vohaga variation cycle of the ac line in 
accordance with the average luminance level euch that 

*s a shutter interval of the imager is changed stepwise and 
each of the shutter Intervals Is an Integer times the volt- 
age variation cycle ol the so line. 
[0010] In the video signal processing apparatus, the 
gain control signal generation circuit generates the gain 

50 control signal such that the gain of the automatic gain 
controlling circuit is further confroiled stepwise at the 
unit of the voltage variation cycle of the ac line in 
accordance with the detected average. 
[001 1] In the video eignal processing apparatus, the 

55 shutter interval is controlled in accordance with the 
detected average luminance level and the shutter inter- 
val, 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[001 2] The object and features of the present inven- 
tion will become more readily apparent from the follow- 
ing detailed description taken In connection with trie 
accompanying drawings In which: 

Fig. 1 ie a block diagram of a video signal process- 
ing apparatus of an embodiment of the present 
invention, wherein an imager is also shown; 

Fig. 2 is a graphical drawing of this embodiment 
showing variations of the shutter speed of the 
imager and a gain of the video signal from trie 
imager; 

Figs. 3A and 3B are graphical drawings of prior art 
showing voltage variation and luminance variation 
of fluorescent lamps; 

Figs. 3C and 3D are illustrations showing operation 
of & prior art video camera; 

Fig. 4 is a block diagram of a prior art video signal 
processing apparatus; and 

Figs. 5A to 5D are graphical drawings showing 
operation of the prior art video signal processing 
apparatus at a 50-Hz-ac area. 

[0013] The same or corresponding elements or 
parts are designated with like references throughout the 
drawings. 

DETAILED DESCRIPTION OF THE INVENTION 

[0014] Hereinbelow will be described an embodi- 
ment of this invention. 

[0015] Fig. 1 showa a video signal processing 
apparatus of this embodiment, wherein an imager ie 
also shown. Fig 2 shows variations of the shutter spasd 
of the Imager and a gain of the video signal from the 
imager. 

[0016] The video signal processing apparatus of 
this embodiment includes: an automatic gain controlling 
circuit 2 for controlling a gain of a video signal from an 
imager 1 having an electronic shuttar function in accord- 
ance with a gain control signal; an a/d converter a for 
converting a video signal from the automatic gain con- 
trolling circuit 2 into a digital video signal, an average 
detecting circuit 4 for detecting an average level of a 
luminanoe signal of the digital video signal (luminance 
average level of the digital video signal}; an automatic 
exposure controlling circuits responsive to a mode sig- 
nal indicative of the cycle of the ac line at the area -for 
generating the gain control signal in accordance with 
the luminance average level at a unit of the voltage var- 
iation cycle of the ac line; and an electronic shutter con- 



trol signal generation circuit 6 for generating a shutter 
speed control signal at the unit of the voltage variation 
cycle of the ac lina. Tha shutter interval of the imager is 
changed stepwise and each of the shutter intervals is an 
$ Integer times the voltage variation cycle of the ac line, 
[0017] In this embodiment, the averaging interval 
{time constant) is 1/30 sec, if it is assumed that the 
imager 1 is of the MGS type of which storing cycle is 
1/30 sec. 

w [0018] A MGS (metal cxide semiconductor) type of 
Imager 1 having an electronic shutter function receives 
a projected image theraon and converts the optical 
information of the projected image into a video signal. 
The automatic gain controlling circuit 2 of the video sig- 

ts nal processing circuit amplifies the video signal with the 
gain of the video signal from an imager controlled in 
accordance with the gain control signal. The aM con- 
verter 3 converts the video signal from the automatic 
gain controlling circuit 2 into the digital video signal. The 

so average detecting circuit 4 detects the average level of 
the luminance sign?,! cf the video signal. The automatic 
exposure controlling circuit 5 generates the gain control 
signal such that the luminance average level is kept 
constant in accordance with the luminance average 

2$ level. That is, a feedback loop including the automatic 
gain control circuit 2, the a/d converter 3, the average 
d at acting circuit 4, and tha automatic exposure control- 
ling circuit 5 provides an automatic gain controlling. 
Moreover, the automatic exposure controlling circuit 5 

3D includes a timing GignaJ generation circuit 5a responsive 
to the mode signal (50 Hz/80 Hz) to supply a timing sig- 
nal Indicative of the ac line voltage variation cycle (100 
Hz, 120 Hz) and a setting vaJua of the fihuttar interval 
(shutter setting value) in accordance with the luminance 

35 average level to the electronic shutter control signal 
generation circuit 6. 

[0019] In response to the timing signal, the shutter 
speed control signal, the electronic shutter control sig- 
nal generation circuit 6 generates the shutter speed 

40 control signal at a unit of the voltage variation cycle of 
the ac line in accordance with the setting value of the 
shutter Interval. The shutter Interval of the Imager Is 
changed stepwise and each erf the shutter intervals is an 
integer times the voltage variation cycle of the ac line 

45 (twice ac-voltage cycle). 

[0020] In Fig, i ( K is assumed that the Imager 1 1s of 
the MOS type cf which storing cycle is 1/30 sec and this 
exposure controlling is provided for the 50-Hz-ac area. 
[0021] In this case, in order to prevent flicker, the 

so electronic shutter speed is eel to be an integer times the 
luminance average level variation period of fluorescent 
lamps within the storing cycle, That is, the electronic 
shutter speed is controlled to be either cf 3/100 sec, 
2/100 sec, or i/ioo sec. Then, the automatic exposure 

55 controlling circuit 5 has three controlling modes, that Is, 
dark, intermediate, and bright modes. That is, the auto- 
matic exposure controlling circuit 5 compares the lumi- 
nance average level with two different references REF1 
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and REF2, When the automatic exposure controlling 
circuit 5 judges the luminance average level is at a dark 
region (dark mode}, the automatic exposure controlling 
circuit 5 generate? the shutter speed setting value of 
3/100 sac. Whan the automatic exposure controlling clr- $ 
cuit 5 judges the luminance average level is at an inter- 
mediate region (intermediate mode), the automatic 
exposure controlling circuit 5 generates the shutter 
speed Getting value orf 2/1 00 sec. Similarly, when the 
automatic exposure controlling circuit 5 judges the lumi- w 
nance average level Is at a bright region (bright mode), 
the automatic exposure controlling circuit 5 generates 
the shutter speed setting value cf 1/100 sec. 
[0022] This shutter speed controlling is relatively 
coarse. Then, the automatic gain controlling circuit 2 is 
further provides gain controlling every electronic shutter 
interval. That is, when the electronic shutter interval 
transients from 3/100 sec to 2/100 sec (from the dark 
mode to the intermediate mode), the actual storing 
interval becomes two thirds as shown in Fig. 2. Then, so 
the gain of the automatic gain controlling circuit 2 is 
increased to 4<3.S dB (ratio of shutter intervals) to make 
the output level of the automatic gain controlling circuit 
1 .5 limes that at the dark region in addition to controlling 
the gain in inverse-proportion to the luminance average 25 
level. Accordingly, the output level ct :;ne automatic gain 
controlling circuit 2 is constant round the switching tim- 
ing of the shutter speed. Next, the gain is gradually 
decreased with increase in brightness. Whan the elec- 
tronic 6hutter interval transients from 2/1 00 sac to 1 /1 00 so 
sec, that is, tha controlling mode rr.oves to tin a bright 
mode, the gain of the automatic gain < ontrclllng circuit 2 
is increased to +6 dB to make the output level of the 
automatic gain controlling circuit 2 twLe mat at the inter- 
mediate region. Thus, the output lew : erf the automatic 35 
gain controlling circuit 2 Is constant, Next, the gain Is 
gradually decreased toward 0 dB si the high light. 
Accordingly, the output level of the automatic gain con- 
trolling circuit 2 is made constant. 
[0023] Ae mentioned, the shutter speed is changed 40 
from 1/100 sec to 3/100 sec stepwise at the unit of the 
luminance variation period (vol tag s variation cycle of 
the ac line) of the illumination, so t:&t tha automatic 
exposure range is expanded Morec 'or, the line auto- 
matic gain controlling is provided ew y shutter interval, « 
so that It Is possible to output the v\ ,ro signal without 
flicker. That is, the gain Is of feet by 1 :tio cf the shutter 
intervals (3/2 or 2/1) when the lumi.it .xe average level 
increases. Inversely, the gain is offset oy a ratio cf 3/2 or 
2/1 when the luminance average level decreases. 50 
[0024] At the 60-Hz-ac ares, ths electronic shutter 
speed is changed among four values, namely, 4/120 
sec, 3/120 sec, 2/120 eec to 1/123 *,ee. Moreover, at 
transient of the shutter speed, the automatic gain is 
changed among + 2.5 dB between t. - shuttar intervals 55 
of 4/120 eec and 3/120 eec, + 3.5 d'2 ' ?tween the shut- 
ter Intervals of 3/120 sec and 2/1 H sec. and + 5 dB 
between the shutter intervals erf 2;- 0 sec and 1/120 



sec, Moreover, In the case of a MOS type of Imager of 
which storing cycle is 1/60 sec, at 60-Hz-ac area, the 
electronic shutter speed is changed between two val- 
ues, namely, 2/120 3ec and 1/120 sec 
[0025] In this embodiment, the a/d converter 3 Is 
provided. However, the a/d converter 3 may be omitted. 
Moreover, the above-mentioned embodiment has been 
described about the MOS type of imager. However, this 
invention is applicable to the video signal processing 
apparatus for CCD type of imagers. The video signal 
processing apparatus according to this Invention Is pro- 
vided to expand the automatic exposure controlling 
range by changing tie shutter speed stepwise from 
1/100 sec to 3/100 sec, for example, to provide coarse 
exposure controlling. Moreover, fine automatic gain 
controlling is provided every shutter interval to suppress 
flicker. 

Claims 

1. A video signal processing apparatus comprising: 

automatic gain controlling means for control ling 
a gain of a video signal from an imager having 
an electronic shutter function in accordance 
with again control signal; 
average detecting means for detecting an aver- 
age luminance level of said video signal; ' 
gain control signal generation means for gener- 
ating said gain control signal in accordance 
with said average luminance level; and 
shutter spaed control signal generation means 
responsive to a mode signal indicative of a 
cycle of an ac line for generating a shutter 
speed ccntrci signal at a unit of a voltage vari- 
ation cycla cl said ac line In accordance with 
said average luminance level such that a shut- 
ter interval of &aid imager is changed stepwise 
and each erf said shutter intervals is an integer 
times saki voltage variation cycle. 

2. A video signal processing apparatus as claimed In 
claim 1 , wherein said gain control signal generation 
means generates said gain control signal such that 
said gain of said automatic gain controlling means 
Is further controlled stepwise at said unit of said 
voltage variation cycle of said ac line in accordance 
with said detected average. 

3. A video signal processing apparatus as claimed in 
' claim 1 , wherein said shutter interval is controlled in 

accordance with saki detected average luminance 
level and said shutter interval. 
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